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Objectives: Multiple Mini Interviews (MMI) have been conducted across the globe in the student selection process, particularly in health profession education. This paper reported the validity evidence of MMI in various educational settings.
Methods: A literature search was carried out through Scopus, Science Direct, Google Scholar, PubMed, and EBSCOhost databases based on specific search terms. Each article was appraised based on title, abstract, and full text. The selected articles were critically appraised, and relevant information to support the validity of MMI in various educational settings was synthesized. This paper followed the PRISMA guideline to ensure consistency in reporting systematic review results.
Results: A majority of the studies were from Canada, with 41.54%, followed by the United Kingdom (25.39%), the United States (13.85%), and Australia (9.23%). The rest (9.24%) were from Germany, Ireland, the United Arab Emirates, Japan, Pakistan, Taiwan, and Malaysia. Moreover, most MMI stations ranged from seven to 12 with a duration of 10 min per station (including a 2-min gap between stations).
Conclusion:
The results suggest that the content, response process, and internal structure of MMI were well supported by evidence; however, the relation and consequences of MMI to important outcome variables were inconsistently supported. The evidence shows that MMI is a non-biased, practical, feasible, reliable, and contentvalid admission tool. However, further research on its impact on non-cognitive outcomes is required.
Introduction
Interviews for the selection of students nowadays have become more important as higher education institutions seek capable candidates to enrol in their courses, especially courses related to health and medical sciences. It is widely known that the study of medicine is highly regarded by society and is often considered a difficult and demanding course, as enrolment places are limited. 1 There is a new interview format known as Multiple Mini Interview (MMI). 2 MMI was developed to dilute the impact of individual examiners and allow them to perform more valid rating of candidate performance. 3, 4 MMI is an OSCE-style exercise that consists of multiple and focused encounters to assess various cognitive and noncognitive skills of the candidates. 2 Basically, the MMI consists of a series of 6e10 situational interviews, each of which poses a non-medical question designed to assess specific non-academic qualities of applicants. 5 In terms of the arrangement, each circuit has 6e10 stations, and each station involves a situational interview. One or two interviewers or a panel are placed at each station to mark the candidates. The number of interviewers sometimes depends on the situation given. The flexibility of the MMI allows programs to select applicants whose behaviour best aligns with the expected competency. 6 A recent systematic review revealed that MMIs used for the selection of undergraduate health programs appear to have reasonable feasibility, acceptability, validity, and reliability. 7 Furthermore, the systematic review concluded that MMI represented a non-biased selection tool for applicants on the basis of age, gender, or socio-economic status, but applicants of certain ethnic and social backgrounds demonstrated low performance in a very small number of published studies. 7 The latest article included in the systemic review was in 2014, and it only focused on the utility of MMI in health profession education. This paper reports the latest validity evidence of MMI as an admission tool, either within or outside the health profession education context.
Materials and Methods
We conducted this systematic review based on the preferred reporting items for systematic reviews and metaanalyses (PRISMA) for a standard reporting of systematic review. 8 PRISMA helps to provide complete transparency and good reporting for systematic and meta-analysis review. PRISMA includes 27 checklist items to improve title, abstract, methods, results, discussion, and funding reporting quality.
Study questions
The primary focus was to discover evidence to support the validity of MMI from five sources 9 : 1) Content: Do MMI stations represent the construct? The extent of MMI includes a specific set of items (i.e. station characteristics) to reflect the content of the intended attribute to be assessed; 2) Response process: Are MMI items completely understood by the subjects? This concerns the relationship between the intended construct and the thought processes of subjects while responding to the items; 3) Internal structure: Do MMI items measure the proposed constructs? This deals with the degree of relationship between and among items and constructs as proposed and commonly represented by reliability and factor structure; 4) Relations to other variables: Do MMI scores correlate with other variables? This is about the relationship of MMI scores to external variables measured by another instrument assessing similar concepts or specific sets of criteria. It can be represented in the form of convergent, discriminant, predictive, and concurrent validity; and 5) Consequences of a measurement: Do MMI scores really make a difference? This addresses evidence regarding the significance of measurement scores on specific intended or unintended outcomes.
Study eligibility
Broad criteria were utilised to present a comprehensive MMI outlook within and beyond health profession education. Original articles published in English that reported the validity evidence of MMI either within or outside the health profession education context were included.
Study identification
A literature search was performed through Scopus, Science Direct, EBSCO Host, Google Scholar, and PubMed database to search articles related to the MMI using search terms such as 'Multiple Mini Interview' and 'MMI'. No time limit was specified in searching, and the last search date was in December 2016.
Study selection
The author performed the initial screening process of articles based on the title and abstract. Criteria such as participants, study design, validity evidence, and outcomes were the key issues for in-depth screening of the full articles. The selected articles underwent an in-depth appraisal based on the priori criteria for inclusion in the systematic review (The study selection is illustrated in Figure 1 .)
Results

Study flows
A total of 7470 potential articles were identified during the literature search using the search terms. Throughout the screening process, 69 articles were selected for the in-depth full-text study. After critical evaluation of the full texts, 64 articles were included in the systematic review. Table 1 shows 49 articles reported evidence to support the content of MMI, while Table 2 shows that 40 articles support the internal structure 2,4,10e47 ; 37 articles support the response process 2,5,6,11,12,14,18e20,23,25e28,30,31,33,37,45e62 ; 21 articles support the relation to other variables, 4 ,15e 17,21,24,25,29,38e40,44,54,57,59,61,63e67 and four articles support consequences 31, 35, 36, 49, 58, 66, 68, 69 of MMI. MMI has mainly been implemented in medical and health sciences: 51 (76%) reports were in medicine (i.e. 58% undergraduate and 18% postgraduate), while 16 (24%) reports were from other health sciences (i.e., 7% dentistry, 6% pharmacy, 3% nursing, 1.5% rehabilitation sciences, 1.5% physician assistance, 1.5% health sciences, 1.5% para-medicine, and 1.5% veterinary). No MMIs were reported outside of the medical and health sciences. Out of 64, a majority of the studies were from Canada (41.54%), followed by the United Kingdom (25.39%), the United States (13.85%), and Australia (9.23%). The rest (9.24%) were from Germany, Ireland, the United Arab Emirates, Japan, Pakistan, Taiwan, and Malaysia.
Content. The lowest and highest levels of internal consistency were 0.54 38 and 0.98, 13 respectively (Table 2) .
Response process. Both applicants and examiners were positive about the experience and potential of MMI as a student selection method 2,6,14,26e28,33,37,46e49,51e53,55,56,60,61 ; Figure 1 : Study flow chart. 11 ; violations of MMI security do not unduly influence applicant performance ratings 12 ; MMI provides sufficient time for students to present ideas 48 ; MMI is at least as cost-efficient as many other personal interview formats, 50 MMI eases interviewer anxiety associated with having to judge candidates unfavourably 51 ; and MMI was not stressful. 27 Conversely, MMI requires a greater number of rooms 50 ; station scores provided by student interviewers were slightly higher than those of faculty member or practitioner interviewers 25 ; student interviewers were less lenient 26, 30 and had more unexpected ratings 30 ; students preferred a mixed format, rather than MMI alone 59 ; cultural specificity of some stations and English-language proficiency were seen to disadvantage international students 37 ; applicants with introverted personalities may fare less well in the MMI process 62 ; and raters were unable to distinguish between the various noncognitive attributes. 45 Overall, MMI was consistently judged to be more favourable than unfavourable by both candidates and examiners (Table 2) .
Relation to other variables. MMI correlated with OSCE performance 4, 16, 66 ; MMIs were predictors of success in assessment scores 66, 67 ; there was a fair correlation with the Graduate Australian Medical School Admissions Test (GAMSAT) subsection 'Reasoning in Humanities and Social Sciences' 15 ; MMI measured more variation in noncognitive traits 21 ; no personality variable correlated significantly with the MMI total score 63 ; rural attribute domains were not significant predictors of MMI scores 57 ; Introducing the MMI as a replacement for the more traditional interview process and its acceptability by applicants and interviewer Interviewers indicated that they had adequate time to assess applicant, the MMI was a fair assessment and scoring sheet allowed them to differentiate between applicants. Applicants indicated that they received well information beforehand for the MMI, MMI was free of gender and cultural bias and there was sufficient time to present ideas at the stations. Determine perceptions of the interviewers and candidates for the acceptability and feasibility of MMI as a selection tool Majority (87%) of the interviewers believed that they were able to get an accurate portrayal of the candidates. 50% (5 out of 8) interviewers were unsure of the feasibility of conducting an MMI compared to the interviews. All but one of the interviewers thought that interviews can be replaced by MMI.
Response process
Observational Study design* University of Bristol, United Kingdom Dentistry and medicine programs Establish whether starting station influenced total score Determine whether gender influenced total score or MMI outcome Assess candidate and interviewer acceptance of MMI MMI provided an efficient means to discriminate between the performance of applicants who were all academically highly qualified, with total scores ranging from 35% to 87% of the maximum possible score Organize and summarize the responses from the global education community and propose potential solutions and recommendations Non-cognitive abilities are already adequately elicited with the current interview process Several comments centered on the time and resources that are required to recruit and train MMI facilitators, select and execute the MMI stations and assess applicant performance.
Contributors' comments were consistent in expressing the importance of an interview process that is fair, unbiased, equitable and reliable, and elicits information about non-cognitive qualities.
Response process
Mixed method study design Response process (continued on next page) The correlated uniqueness values for scores within the same station ranged from 0.48 to 0.67, and more importantly the correlation between the oral communication and problem evaluation factors was extremely high (r ¼ 0.87) These result suggest that, while there is a good fit and rational for a 2-factor model over a 1-factor model, there are method (station) and trait (attributes measured) effects present which limit the ability to conclude we are assessing two independent factors Total MMI score had a weak but significant correlation with extraversion, and significant correlations with building the relationship and explaining and planning.
Internal structure Relation to other variable (continued on next page) there was positive correlation with simulation-based assessment, 29 communication skills, 29 and strength of argument score 29 ; emergency medicine grades correlated with MMI scores 59 ; MMI score was associated with English language proficiency (IELTS) 61 ; correlation between each of the seven MMI stations and the group interview were all positive 38 ; and there was a significant correlation with building relationships, explaining, and planning, 39 a disattenuating correlation with the SJT, 40 and, in particular, a raw score correlation with the subdomain related to clinical knowledge. 40 Conversely, there was a non-significant correlation with OSCE, MCCEE, MCCQE 17 ; MMI total score and EQ-i total score were not found to be significantly correlated 24 ; MMI measures different attributes than do PCAT and PPA 25, 44 ; extraversion, conscientiousness, and agreeableness were correlated with MMI scores 64 ; those with extraversion scores in the top (versus the bottom) quartile had significantly higher MMI scores 65 ; MMI correlated positively with age and negatively with aboriginal status 54 ; there was a weak correlation with extraversion 39 ; and all correlations between MMI station scores and GPA were negligible. 44 Overall, MMI positively correlated with assessment scores, and candidate background was not a contributing factor; however, it positively correlated with English proficiency and inconsistently correlated with noncognitive traits (Table 2) .
Consequences. The retained and rejected candidates had significantly different total scores and mean scores for each station 49 ; predictive of OSCE performance, clerkship performance, 68 CLEO or PHELO performance, 68 and CDM performance 68 ; successful MMI candidates had higher scores in a licensing national examination than unsuccessful MMI candidates 69 ; and a consistent factor determined success in medical school assessment. 66 Overall, MMI somewhat predicted the performance of candidates during medical training, in licensing national examinations, and in the workplace (Table 2) .
Discussion
The primary focus of this study was to explore validity evidence of MMI in the selection of students for higher education institutions, either within or outside health profession education. We found a significant number of articles to provide evidence to support its validity in five areas: (i) Content is the extent to which MMI covers a specific set of items to reflect the intended attributes to be assessed; (ii) response process refers to the relationship between the intended construct and the comprehension of respondents while responding to the items); (iii) internal structure is the degree of relationship between and among items and constructs); (vi) relations to other variables are the relationships of MMI scores to external variables; and (v) consequences are any evidence to signify the measurement scores on specific intended or unintended outcomes. Taken together, MMI has demonstrated reasonable validity evidence in the five areas.
A total of 64 articles were critically appraised, and the key findings were that (i) MMI is flexible for assessing various important attributes of candidates such as professionalism, communication skills, ethics and morals, and critical thinking and problem solving; (ii) MMI was generally acceptable to both candidates and interviewers across 11 countries; (iii) MMI was consistently reliable and stable with acceptable Cronbach's alpha across educational settings; (iv) candidates showed high performance in clinical assessment and licensing national examinations; (v) MMI was reported as a bias-free admission tool for most factors such as culture and personal background, except for English proficiency; (vi) MMI was rarely correlated with non-cognitive attributes such as personality traits and emotional intelligence; (vii) MMI was mainly carried out (80%) in the undergraduate selection process; and (viii) MMI commonly includes seven to 12 stations per circuit, with each station requiring seven to 10 min. These key findings provide evidence to support the validity of MMI as an admission tool in the higher education context. Unfortunately, despite its potential, MMI implementation has not been reported outside the health profession education context.
The earliest study reported about MMI was in 2004 at McMaster University.
2 About a decade later, MMI had been successfully implemented in four countries, 70 and now it has been carried out in 11 countries across different regions: America, Europe, and AsiaePacific. It can be concluded that MMI is being accepted as a global admission tool in higher education institutions across regions, educational settings, and cultures. One possible reason for the widespread use of MMI is its flexibility, acceptability, and reliability in assessing different content areas and attributes of candidates across different educational settings. 7, 70, 71 Like OSCE, MMI possesses the ability to be adapted by institutions according to their financial and facilities capacity. Interestingly, some studies discovered that even with only five stations, the reliability of MMI was high enough for high-stake decisions such as admissions. 27, 47 Moreover, studies have shown that the cost of conducting MMI was similar to other forms of personal interview, 7, 47, 50, 70 thus supporting its efficiency. These facts signify the validity of MMI in terms of content, response process, and internal structure and confirm the findings of previous systematic reviews. 7, 70 Unfortunately, this review clearly showed that all studies had been conducted in the health profession education context; hence, further study should be conducted outside such a context to support MMI's credentials as an admission tool in higher education. This review recommends that further research on MMI validity should be carried out in postgraduate studies and areas outside the health profession education context to verify its credentials in the student selection process.
Similar to previous systematic reviews, 7, 70 this review revealed that MMI is inconsistently and poorly correlated with non-cognitive attributes such as personality traits, rural attribute domain, and emotional intelligence. Interestingly, MMI positively correlated with various cognitivebased and performance-based assessments such as OSCE 4, 16, 66 ; argument ability 29 ; reasoning skills 15 ; simulation-based examination 59 ; and national council examinations. 15 The findings indicate that proper design of MMI is important to ensure the recruitment of the most suitable candidates into higher education institutions. Unexpectedly, MMI was reported to correlate with several non-cognitive attributes such as communication skills, 29 building relationships, 39 and English proficiency level. 61 It is worth mentioning that a significant correlation with English proficiency level could disadvantage non-native and secondlanguage candidates during MMI; perhaps further study should be carried out to verify this postulation. This review suggests that MMI consistently correlated with cognitive attributes, and further research should be carried out to test its validity outside of health profession education contexts and its correlation with important non-cognitive attributes such mental health, ethics, and professionalism.
Previous systematic reviews echoed that MMI is lacking in predictive validity evidence, 70 but more research is required to support this aspect. 7 In this review, MMI demonstrated its ability to select candidates who demonstrated high performance during medical training, 66, 68 in licensing national examinations, 69 and in the workplace. 68 For example, MMI predicted the performance of selected candidates during OSCE, clerkship, CLEO or PHELO performance, and CDM performance and is a consistent factor in determining success in medical school assessment. 66, 68 Furthermore, Eva et al. (2012) reported that selected candidates achieved high marks in a licensing national examination. 69 Nevertheless, these results were the initial evidence to support the predictive validity of MMI, especially in terms of non-cognitive attributes and outside the health profession education context. Therefore, future work should concentrate on consequences for important non-cognitive attributes.
Several messages can be taken from this systematic review. First, more research is obviously required to explore MMI's effective educational contribution to important noncognitive outcomes related to personal values, professional conduct, and patient care. Second, research should no longer focus on the content, response process, and internal structure because these aspects have been confirmed by many studies; therefore, efforts must focus on other validity evidence, especially the consequences and relations of MMI with important non-cognitive attributes, to justify its worth and credibility, given the intensive resources being used for its implementation. Third, there is limited multi-centre study showing that MMI is a cultural bias-free admission tool, hence future work to address this gap should be encouraged. Fourth, despite being in a technology-driven era, technology's uses in MMI are largely unexplored; therefore, any effort to leverage technology to enhance the potential of MMI should be given due consideration. Finally, MMI has not been implemented outside the health profession education context; therefore, it may be interesting to explore its validity in such a context.
